The composition of essential oil from Telekia speciosa leaves, flowers, roots, stems and in vitro regenerated shoots was studied by GC-MS-FID leading to the determination of 112 compounds. The qualitative composition of the essential oil from the examined plant material was similar, whereas quantities of individual components of the oils varied widely depending on the kind of plant material. The most striking differences were observed between the oils produced by aerial and underground parts of the intact plant, as well as between oils produced by in vitro grown shoots and leaves of the intact plant. The main volatiles of leaf essential oil were: (E,E)-farnesol (21.2%) and (E)-nerolidol (17.9%), while isoalantolactone was the predominant component of the root (62.3%) and flower oils (23.0%). Numerous thymol derivatives were also found, among them 10-isobutyryloxy-8,9-epoxythymol isobutyrate, which was one of the main components found in the flower oil (20.5%) and that from the in vitro cultures (20.2%).
Heartleaf oxeye {Telekia speciosa (Schreb.) Baumg., Asteraceae, tribe Inuleae, basionym -Buphtalmum speciosum Schreb.} is a perennial plant native to south-eastern Europe and Asia Minor. It is the only species belonging to the genus Telekia Baumg. [1a] which, according to recent molecular phylogenetic studies based on cpDNA and ITS sequence analysis [1b] , is closely related to a group of resiniferous taxa of Inula L., including I. helenium. The roots of T. speciosa contain essential oil with eudesmane-type sesquiterpene lactones as major constituents [1c] . Except for sesquiterpene lactones of the eudesmanolide and pseudoguaianolide type [1d], the plant reportedly contains xanthanolides, terpenoid cyclopropenone derivatives, polyacetylenes, thymol and nerol derivatives [2] .The sesquiterpene lactones telekin and 2,3-dihydroaromaticin have shown marked antiproliferative activity against human cancer cell lines in vitro [3a,b] . Moreover, 2,3-dihydroaromaticin is a potent inhibitor of lipopolysaccharide induced nitric oxide synthesis and a moderate inhibitor of transcription factor NF-B activation [3c,d] . Telekin reportedly affected the activity of some antioxidant and drug-metabolizing enzymes in rat liver and kidney [4] . Recently, a report on antiproliferative and direct cytotoxic activity of extracts from T. speciosa has been published [5a] . The composition of the essential oil from aerial parts of the intact plant remained unknown until recently [5b], while the only isolation of volatiles from different parts of T. speciosa and identification of just a few main compounds of the root essential oil was published over fifty years ago [6] . Simultaneous analysis of essential oil from different organs of T. speciosa has never been reported before. The aim of this work was to investigate the chemical composition of the essential oil of aerial and underground parts of the intact plant, as well as in vitro regenerated shoots. Flower oil and in vitro shoot oil were isolated and analyzed for the first time.
Leaves, flowers and stems of T. speciosa contained 0.17%, 0.19% and 0.04% (w/w) of essential oil, respectively. A higher yield of oil was found in roots (0.41%) and in vitro shoots (0.44%). The yield of oil from aerial parts and root are similar, as reported in the literature (leaf: 0.18%, stem 0.07%, root: 0.73%) [6] . Chemical compositions of essential oils of the leaves, flowers, roots, stems and in vitro shoots of T. speciosa are presented in Table 1 .
Identified compounds constituted more than 90% of the volatiles of each oil. The volatiles new for T. speciosa are marked in the table with asterisks.
The qualitative composition of leaf and in vitro shoot oil, as well as the other analyzed oils, was characteristic for each of the examined organs. The majority of the identified compounds were detected in the essential oils from all the T. speciosa organs. The quantitative composition, however, was totally different. On the other hand, some similarities in composition were observed. The main leaf volatiles were: (E,E)-farnesol (21.2%) and (E)-nerolidol (17.9%). Both of these compounds were also detected in the stem and in vitro shoot oils in significant amount (5.0% and 5.5%, respectively). Their structures were confirmed by NMR spectroscopy. According to the literature data the main constituents of the essential oil from aerial parts of T. speciosa were (E,Z)-farnesol (12.0%) and (E)-nerolidol (10.2%) [5b].
Terpenes with a caryophyllane skeleton were also predominant, especially in the examined oils from the aerial parts of T. speciosa. (E)-β-Caryophyllene and its oxygenated derivatives constituted 6.8% of the leaf oil, 22.5% of the stem oil, and 12.2% of the flower oil. Both caryophyllanes and eudesmanes were also mentioned in the literature as major groups of constituents of the essential oil from aerial parts of T. speciosa: (11.6% and 14.5% respectively) [5b] . A few compounds with a eudesmane skeleton (compounds: 60, 62, 65, 89, 104, 106) were also identified in the examined oil. About 62% of the root volatile fraction was represented by isoalantolactone, which is also the main compound in the flower oil (23%). This sesquiterpene lactone of the eudesmane type was also detected in other analyzed oils of T. speciosa, but in much lower concentrations (0.6-2.8%). The examined oils also contained traces of alantolactone (<0.2%). Neryl esters (isobutyrate, 2-methylbutyrate and isovalerate, which constituted 17.2%) and 10-isobutyryloxy-8,9epoxythymol isobutyrate (20.1%) were predominant components of in vitro shoot oil. The latter thymol derivative was also found in the flower oil in significant amount (20.5%). In total, 13 thymol derivatives were detected in the examined oils. These compounds constituted 4-5% of the leaf, root and stem oils of yellow oxeye, while in the essential oil from the flowers and in vitro shoots they accounted for 25-28%. It is interesting that some of these thymol derivatives were detected as pairs of compounds, which differ from each other by having either an isobutyryloxy or 2-methylbutyryloxy group : 102 and 108, 103 and 109, 110 and 112 (Figure 1 ). 10-Isobutyryloxy-8,9-epoxy-thymol isobutyrate (110) was identified from its mass spectrum and confirmed by 1 H-and 13 C-NMR spectra that were in accordance with literature data [7] . Compound 112 was identified as 10-(2-methylbutyryloxy)-8,9-epoxy-thymol isobutyrate from its chromatographic behavior and GC-MS analysis in comparison with 110. The mass spectra of 110 and 112 exhibited [M] + ions at m/z 320 and 334, respectively, and showed that compound 112 has an analogous fragmentation pattern as 110. The only difference resulted from the isobutyryloxy and methylbutyryloxy group. Both compounds have already been reported as constituents of Carpesium divaricatum [7] , Arnica sachalinensis [8a] and Helenium mexicanum [8b], as well as in the multiple shoot culture of T. speciosa [8c] . The thymol derivatives 102, 103, 105, 108, and 109 were also characteristic compounds of T. speciosa. However, they are minor components, which were identified by their retention indices and mass spectra in comparison with literature data [8c-f]. These thymol derivatives have been spectrally characterized previously by Bohlmann [8d,e], and were identified in the root essential oil of Arnica montana [8f].
Radulovic et al.
[5b] detected seven thymol derivatives in T. speciosa oil, but two of them were not identified. On the basis of their MS and GC-behavior we suggest that these compounds are: 9-isobutyryloxythymol isobutyrate (102) and 9-(2-methybutyryloxy)thymol isobutyrate (108). What is more, Radulovic et al. [5b] have claimed that one of the identified thymol derivatives is 10isovaleroxy-8,9-epoxythymol isobutyrate. Our results show that this derivative must be characterized by not having an isovaleroxy building block, but a 2-methylbutyryloxy segment (compound 112), which is also a structural element of the compounds identified in the examined oils: 9-(2-methybutyryloxy) thymol isobutyrate (108), and 10-(2-methybutyryloxy)-8,9-didehydrothymol isobutyrate (109). Moreover, 10-(2-methylbutyryloxy)-8,9-epoxythymol isobutyrate (112), but not the 10-isovaleroxy form has been isolated previously as the major secondary metabolite in T. seciosa in vitro shoots [8c].
T. speciosa oils were also characterized by tricyclic sesquiterpenes with silphinane, silphiperfolane, presilphiperfolane, modhephane, and isocomane skeletons (compounds: 26, 28, 29, 34, 37, 38, 42, 46). Essential oils from in vitro shoots, leaves and roots contained 5.3%, 4.2% and 4.9% of these components, respectively. In the flower oil we detected only 1.4% of these tricyclic sesquiterpenes. The presence of sesquiterpene hydrocarbons, including tricyclic compounds, was also found previously in T. speciosa volatiles at a level of 1.5% [5b].
The major difference between our study and those previously reported [1c,5b,6] is a greater number of identified components (marked with asterisk in Table 1 ). However, according to GC-MS analysis, six unidentified, significant compounds were observed in the examined oils. Among them, about 2-6% (depended on the plant part) of the oil was represented by four compounds (81, 83, 84, 85) , which exhibited very similar mass spectra, with molecular peaks [M] + at m/z 206. Two unidentified compounds with a very similar fragmentation pattern were also mentioned in the literature [5b]. HS-SPME analysis of T. speciosa flowers was undertaken to exclude formation of these compounds as artifacts produced during hydrodistillation. These four volatiles were detected, and thus are natural compounds of heartleaf oxeye.
In total, more than 100 constituents were identified in hydrodistilled oils from in vitro shoots, aerial and underground parts of
